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Abstract 

I n  the course of 3000 hours observation of the interplanetary 

plasma, the plasma and magnetic f i e l d  experiments on Explorer 34 have 

detected eleven discontinuous so la r  wind speed changes, 
, 

not associated with shocks, of more than 60 km/sec i n  less than 3 

min, 

sign, but the p lasma density and temperature are not found t o  change 

appreciably across them, Each speed discontinuity occurs simultaneously 

with a d i rec t iona l  discontinuity i n  the magnetic f i e l d .  High 

These events, cal led ID'S, may show a veloci ty  change of e i the r  
B 

resolution magnetic f i e l d  data  show tha t  sometimes the direct ional  

changes occur as ro ta t iona l  fans, and a t  other t i m e s  they are e r ra t ic  

or  occur within the t i m e  resolution of the magnetic f i e ld  experiment, 

2,6 sec, The flow d i rec t ion  of the so la r  wind changed a t  two of 

the eleven uD's, 

s ide of these events gives the impression tha t  they are s table .  The 

existence of these UD'S i s  shown t o  be consistent with the theory of 

the Helmholtz i n s t ab i l i t y ,  I n  par t icu lar ,  the additional observation 

tha t  the magnetic f i e l d  d i rec t ion  change, w , a t  a uD tends to  be near 

90 i s  consistent with the theory, f o r  uD's with s m a l l w  may become 

unstable as they move from the sun, 

The quiet  nature of the f i e l d  and plasma on each 

0 

. 



1. Introduction 

The existence of tangent ia l  discontii luit ies i n  t h e  i n t e q l a n e t a q j  

iliec!iuni has been suggested- by several  euthors (see the  review by 

Colburn and. Sonett (1966)). 

pictured. ES t he  boundary between two adjacent, rectangular, f l ux  

tubes (see Figure 1). 

m y  d i f f e r  i n  each tube, 'out t he  pressure normal t o  the  bom&ary 

i<iU.St be t'ne sane Ti1 both tubes. I;? principle,  t he  tubes can move 

re lo t ive  t o  one mother d o n g  t h e  surface between them (the gl ide 

@aie}. As t he  flux tubes i-;x-e convected. pz& t he  s a t e l l i t e ,  t h e i r  

r e l z t ive  ixotion czn be observe& 7,s E dlsco-xtiauity i n  the so l a r  wind 

A tangent ia l  discontinuity csn be 

The magnetic f i e l d  and plasm pasareters 

speed [Burlega 136:~~). L e t  us use the symbol uD t o  denote e so lw  

.i;in6. speed disCOntinU.itgL 

t m g e n t i a l  Ciscontinuities d.o e x i s t  i n  t he  sol= wind, and t h a t  sl-ae,ll 

uD's ( i .e . ,  chenges 

&lrlag;a (2967a) has shorn that several types of 

less thm 15 An/sec which occur within 71 sec)  

2x2 soiii.eti.ies observed a t  ? l r e c t i m a l  Liscontiiiuities. 

however, velocity ?iscolt i i lv. i t ies xzy be stz,ble under cer ta in  cozditions ~ 

Sen ( L ~ G ; )  has presented tvo neces.;ay conditions for s t z b i l i t y  i n  

an incormressible, :iyCroiuaG;netic fIu.ic?: 1) the strezxing speed., v , 
-.:ust be less t h m  "1;1 tiices t he  A.lriTve2 speed, vA 
c?irection mst, i n  gciierzl, chmge by E. su f f i c i en t ly  lcrge -mount 2-t; t he  

2 )  the  mgnet ic  f i e ld  
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discontinuity. The e f f ec t  of compressibility has also been studied 

by Sen (1964) who concludes that it is probably not s ignif icant  when 

The primary aAm of th i s  study was t o  determine whether large 

velocity discontinuities not associated with shocks ex i s t  i n  the 

solss wind, a d  if soy whether t h e i r  existence is consistent w i t h  

Sen's s tab i lg ty  conditions. It is fouad t 

qSQ1Br W i n d  a p e d  

I ~ O S , ~ A ~ ~  3 mi?,) do e x ~ s t .  S ~ C A  a ~ s c o ~ t i ~ u ~ t i ~ s  occw 

when the rnagnetic f ie ld  energy density exceeds the kinet ic  energy 

density and whenyZA5 where AU is the observed chmge i n  the solar 

w i n d  speed. It i s  also fuund that  magnetic f i e l d  direct ional  

discontinuities always occur s%mult@neously w i t h  a large uD, and 

t h a t  tkre s i ze  of the d i rec t iona l  discontinuity tends t o  be ne= 9'. 

30 small  ( &SQ 1 direct ional  d i scon t ind t j e s  were observed at  the 

large. uD's although 

direct ional  discontinuities were seen far mre frequently than lasge 

68b) has Shawn that, In  gene ray  small  

66. These observations are discussed i n  re la t ion  

s s t a b i l i t y  c r i t e r i a .  
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11. Instruments 

The plasma and magnetic f i e l d  data used f o r  t h i s  study were 

obtained by Ekplorer 34, en e&h-orbiting satellite with an 

apogee of 34 Re. 

and December 26, 1967 during which time the satell i te spent 

The data were obtained between May 30, 1967 

2 3000 hours i n  the  interplanetary medium. 

The plasma data were obtained with an instrument developed 

It consists of a velocity selector by Ogilvie e t  al., (1968). 

and iw e lec t ros ta t ic  analyzer which give 

par t ic le  spectra separately. 

spectrum consists of 14 channels i n  the  range 310 eV - ?LOO eV., 

which form a geometric progression with a r a t i o  1.24:l and have 

a f u l l  width.&+$. Since energy spectra axe formed by counting 

proton and alpha 

The proton d i f f e ren t i a l  energy 

for 2.6 sec. at  each energy level, a typical 3-lrar spectrum 

is obtained i n  7.8 see; successive proton spectra are obtained 

at 3 min. intervals.  

The plasrm, dis t r ibut ion function f (v )  for  a given proton 

s p e c t m  is represented! by f i t t i n g  the  unfolded spectrum by a 

series of maxwellian ares, as described by Burlaga and Ogilvie 

(1968) and Ogilvie e t  al., (1967). The f lu id  parameters - 
d.ensity n, mean speed u, and temperature T - are obtained by 

taking rnoments of f(v): 

n = f j - ( v ~  d v  



With ju s t  a few exceptions, t h e  plasma parameters 

presented i n  t h i s  paper were obtained from spectra containing 

3 o r  k bars with counts greater than 2 standard deviations 

above the  mean background counts. 

mean speec? can be determined with an error <2$, but the  density 

and t o  a greater  extent the temperature are sensi t ive t o  the 

number of bars and the  counting rate. 

i n  the f l u i d  parameters which axe a consequence of the  limited 

resolution of the instrument, a simulation progrm has been 

developed. 

i n s t m e n t  would record i n  each energy channel i f  the plasma 

were rnaxwellizn with parameters n',  u t ,  T', and it computes 

the fluid parameters would be measured (n' ' 
using the  basic procedure described above. 

of the actua.1 measured pwameters n, u, T, it i s  assumed t h a t  

nLn, u'=u ayld T'=T', and these pwmieters are intrafiuced in to  

From such a spectrum, the  

To estimate the errors  

This program computes the  counts which the  

u' and T' ') 

To t e s t  the  accuracy 

the simula,tion program t o  compute n", u t ' ,  and T". If 

n==n") u=u", and M", it is assumed tha t  the measured 

p a m e t e r s  are correct. 

difference between the  unprimed- and double-primed quantit ies 

is taken as 8,ilzeasure of the  errors  i n  the  measured f lu id  

pparemeters due t o  instrumenta.l resolution. 

expected, these errors  are largest  wnen t h e  d-ensity i s  law 

(giving l o w  counts), when the  mean speed is  high (giving 

If n+n", u fu"  and T#T", the  

As might be 

fewer b a r s  and lower cclunts beczuse of t he  wider spacing of 
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energy channels E t  higher energies) and when the  temperzture 

is  l o w  (giving f e w  bars). It i s  found that the parameters are 

insensit ive t o  the f l o w  d.irection. The e r ror  i n  u is  al-xiost I 

a.lws?;rs 9s. 
v 

The plesna probe has coarse direct ional  resolution, designed 

primm-ily fo r  magnetosheoath flow studies, which provides some 

inform,tion concerning interplanetary plasma f l o w  direction. 
tr 

This inforraakion is obtained by recording the counts i n  each 

of 16, 22.5" sectors (see Figure 2) and transmitting the  nunber 
P- 

of the sector containing the m a i m m  number of counts. Figure 2 

shows t h z t  r a d - i e l  solar wind flow with XI abberation of ko  vest  

i s  i n  a direction 3' east  of the bound.ary between sectors 9 

and. 10. Clearly, r e d i d  flow produces the maximum number of 

counts i n  sector gJ  while f l m  frorr;>3' W produces the  raaxL?lum 

counts i n  sector 10. Thus, i? change i n  t h e  solar wind 6.irection 

can be d.etected i f  it moves frox a E.irection i n  sector 9 t o  s! 

direction i n  sector 10, 

be determined. 

but the magnitude of the change cannot 

The magnetic field data were obtained by Ness and Fairfield 

with a. tri-axial, flux-gate mqpetometer. The digi t izat ion e r ror  

is f,16y - and thecomponents of the  msgnetic field. m e  neasured t o  

an accuracy w f .2y, 

field are determined at 2.56 intervals. 

Complete vector measurements of the magnetic 

Most of the magnetic.field 

data below are 20.45 sec, averages coaputed by averaging eight 

successive lileasurenients of esch eoiiponent of the  mwnetic f ie3.d. 
r 
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111 . Obrematfou 

A. Definition and Idant i%iCrt* 0- * 

J 

diecontinuity fn the mean 8Q1u w 

epcad diecontinuity i o  here def 

occurs within 3 Pin.) tau 

lorer 34 pla measured by the 

i e  somewhat arbitr 

change in tha eeme that few uD'8 

Large uD's are very 

a (1968b) ) 

(@ l hr. - .01 AU). Figura 3 8 e- 

scale; thie f i  

Ths a ' 8  

f ollowe : 

1) Solar wind ~ p ~ ~ ~ ,  ur 8 d f  

scale plots ( 4  days 

r &PO 
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uD.' Only a ' s  with Au %O km/sec were selected for further 

study . 
4) 

by Ogilvie, and Burlaga (1968) were excluded. 

The above procedure ident i f ied 11 large uD's ( (Au r60 km/sec) 

/(3 min.) ) i n  3000 hours of Explorer 34 interplanetary data during 

the period may 30, 1967 t o  December 26, 1967. 

UD's associated with the interplanetary shocks ident i f ied 

B, Plasma and Magnetic Field Parameters near uD's 

The plasma and magnetic f i e l d  parameters for  11 113)'s are given 

in Table I. 

for  the 9 minute intervals  preceding and following each uD. 

mean value for a 9 minute interval is not always the most 

appropriate one,,so the numbers i n  Table I include a subjective 

The tabulated plasma parameters are  essent ia l ly  means 

The 

judgment by the  author which is based on simulation studies for  

these parameters as discussed in section I1 above, on the variation 

of the parameters before and a f t e r  each uD, and on the author's 

general experience with the plasma probe data. However, 

the subjective changes are a l l  within the errors quoted. 
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The er rors  quoted i n  Table I are based. on the variation of the 

plasma paraneters i n  the 9 ninute intervals  before end a f t e r  

each uD, and on the difference between the aeesured paraineters 

a d  t h e  parameters obtained by introd-ucing t h e  iiieasureneiits 

i n to  the siinulation program, ad. we probably consemrctii-e. 

Magnetic f i e l d  dzta ere given i n  Table I, rows 7-12, where 

B i s  the  magnetic f i e l d  intensity, # i s  the sol= ec l ip t i c  longi- 

tude ( 4 = Q' if B i s  toward the  sun, and # 7  Ocin the dusk 

meridian), and e is the  solar  ec l ip t i c  la,titud.e ( e 

directed north of the ec l ip t i c  plane). 

means f o r  t h e  1 minute intern-als which precede and follow each 

direct ional  discontinuity (see below) associzted. with 8, uD. 

0' i f  B is 

The data cr8 essentielljr 

In  the case of a. rotation f an  (see section I I I C ) ,  t'ne numbers 

are bzsed OA data. i n  the 1 ninute intervels  which precede 2nd 

fo l lmr  the  fan. 

than the measurement and digitization errors, so they represent real 

t h e  va;ri&ions i n  the f i e l d  before m d  a f t e r  t he  ILD'S. It can 

The rms uncertainties which are quoted are larger 

Several interest ing res~1.1ts follow iLxicdiatel:r froia T :  ble 1. 

1) 

interplanetary med ium (see Table 2,  rows 1 and 2).  

2 )  

larger  than a x e r s e .  

exceeded 500 ka/sec 

UD'S with Au ? 85 b / sec .  within 3 min .  exist i n  the 

Lmge UD'S usually occur when the soler wine: spce2 i s  

For 9 of 11 UD'S the wind speecl 

f o r  5 it exceecec GOO :a/sec. 
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3) 

OK, when the density is 5 4/cm3 and when the magnetic 

Large UD'S usually occur when the temperzxture i s  2 ldj 

f i e l d  intensity is 2 SY. 
4) The density, te&&ature end magmtic f i e l d  intensi ty  d.0 

not change appreciably across a uD. This is seen i n  TEble 2 

which gives nl - n2, T 1  - T2, and B1 - %. The density and 

temperature do not change a t  a l l  within the errors  quoted, 

and. the  change i n  B is  l e s s  than .5 A small 

(2 lb t o  2)0, probably real ,  change i n  B was found f o r  5 

f o r  6 uD's. 

UD'S (2 increases and 3 decreases). 

5 )  The aagnetic f i e l d  pressure, B2/8rr , domTnated the plasma 

pressure, nkT, near a l l  of the uD'b. This i s  s h m  i n  rows 

16 and 1-7 of Table 2 whlch give the  r a t i o  

6) The pressure 

i s  constant across each uD, within the experimental errors.  

The temperature used t o  compute p and p2 i n  Table 2 i s  the 

proton temperature. S t r i c t l y  speaking, the electron 

temperature Te, should be includ-ed, but it i s  iu-&rmwn. It 

wauld a f fec t  the pressure balance i f  T 

from Te2 and i f  mix (Tel, T 

temperature. 

is much different 9 
is  much greater than t h e  p o t o n  e2 
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7) Each uD is  associated with a discontinuity i n  t h e  

d i rec t ion  of t he  magnetic field, 

d i rec t iona l  d i scon t inu i t i e s  see Burlaga ( 

(For a discussion of 

e. Directional Discontinuities Associated w i t h  uD' s 

Table I, raws 9 tQ 12, shows t h a t  each of the  ll large UD'S - 
is associated d t h  a discont inui ty  i n  the  direct ion of t he  

interplanetary magnetic field. 

of uD's, i l l u s t r a t e s  the  general observation t h a t  the d i rec t iona l  

Mgure 2, which shows 4 types 

discontinuity ayld the  discont inul ly  i n  mean speed are simultaneous 

within the  time resolution of the  plasma probe. The existence of 

a d i r e c t i m a l  discontinuity indicates khat t 

tubes, which are  i n  r e l a t ive  motion &Long the surface of a 

tangent ia l  discontinuity, axe not p a r a l l e l  t o  one another. 

The angular separation between the  vectors B 1  and B2 - /L 

which preceed a d  follow a d i rec t iona l  discontinuity i k  given by 

t , where 

The wgular changes,&), were computed f o r  each of the  1% UD'S 

i n  Table I t o  an accuracy off15O, using %he parameters i n  rows 9 - 
I2 of that  table;  the  r e su l t s  are recorded i n  Table 2, row 7. It 

ta w 1s 4@,.. the largest is 

e of w is 9 9 .  



graphically i n  Figure Lcc, which c lear ly  shows the  tendency t o  

c lus te r  about 900, with 6 ariLgOo and 5290'. This d i s t r ibu t ion  

is  qui te  suprising i n  t h a t  it is qui te  unlike t h e  general 

d i s t r ibu t ion  f o r  d i rec t iona l  discont inui t ies  which was reported 

by Bwrlaga (1968b), viz. dN/dw cc exp (-(4/75')*). There are 

a t  least 2 w a y s  t o  explain t h i s  r e su l t :  

1) 

discont inui t ies .  

2 )  Large UD'S a r e  i n i t i a l l y  associated w i t h  both l m g e  

and. s i n a l 1  d i rec t iona l  d-iscontinuities i n  the  proportion 

implied by Burlaga's determination of dX/dd, but those with 

The large UD'S develop only a t  large d i rec t iona l  

small c3 become unstable and. rapidly  dissappear. 'Je shall 

discuss this possibility in  Section E below. 

Another meaningful quantity associated with 8 di rec t iona l  
4 

discontinuity is the direct ion n, where 

This is  the  direct ion n o m 1  t o  t h e  surface between two flux tubes 

separated by a tangent ia l  discontinuity.  
A 

The vector n was computed 

f o r  each of the  11 uD's. 

these vectors are given i n  rows 8 and 9 of Table 2 and by 8 and b 

i n  Mgure 4. The distrAbution of n ' s  i s  similar t o  t h a t  found by 

The solar e c l i p t i c  directions of 

A 

Bwrlaga (19%) f o r  a much la rger  c lass  of d i rec t iona l  discontinuities.  
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When the  magnetic f i e l d  data f o r  t h e  large uD's ase 

examined w i t h  t h e  high time resolut ion -4ata ('2.6 secj, it is found 

that some of t he  associated d i rec t iona l  "discontinuities" 

are ac tua l ly  structured. 

how the magnetic field direct ion changed through the 

"discontinuities" at 0251 UT on day 216 and at 0917 UT on 

day 263. 

the open c i r c l e s  are averages, each based on 8 successive 

measurements. 

direct ion across the  boundary between the adjacent f lux  tubes 

by rotatfng along a smooth curve. 

previously ident i f ied  such ro ta t ion  fans i n  t h e  interplanetary 

medium, but they did not show that the fans may be associated 

The top  2 curves i n  Elgure 5 show 

. 
The dots are the  high resolution measurements; 

Note that  the magnetic f ie ld  vector changes 

Siscoe e t  d., (1968) 

with plasma discont inui t ies .  Siscoe e t  al. showed t h a t  

ro ta t ion  fans tend t o  be planar. 

fan there i s  a d i rec t ion  n '  such that B. 0 nl=O,  i= 1, N, where 
n3 

N is  the  nmber of V ~ ~ t o r ;  measurements i n  the fan.. 

vectors are not planar because of r e a l  and instrumental fluctuations, 

but we can calculate the normal to a plane about which the 

vectors are d is t r ibu ted  by minimizing the quantity L B .  ft')2 

subject t o  the  cnnstraint  (3' )2 = 1. For t he  fan at  0251 UT on day 

216, t h i s  procedure gives a plane i n  the direct ion Bn=22', 4n=540. 

For a t r u l y  planas ro ta t ion  
4 h 

In general, the 

-4 - a  

Table 2, rows 8 and 9 i n  column A, shows tha t  within the experi- 

mental uncertaikties, (A0&+=95' 1, t h i s  agrees with the direction of 

the glide plane normal computed from ( 5 ) ,  viz. e f l O o ,  4 ~ 5 5 ' .  

average component of E along a ( io@.  normal t o  the glide plane) was 

5euad t o  be ( w e 3  . 5 ) y e  
-13- 



A ' s i m i l a r  computation f o r  t he  g l ide  plane near 0917 UT on day 263 

gives e,,,=-56O1 4; &lo which may be compred with Qn = -36O, 0 = 33O, 

from column B i n  Table 2. 

plane determined by QN, bN is (1.5 f .6) k , which is 5 lO$ of 

the  t o t a l  field. 

The average component of B normal t o  the  
% 

The field does not always change through a d i rec t iona l  

discont inui ty  by means of a ro ta t ion  fan. Figure 9 shows t h a t  t he  

f ield moved very e r r a t i c a l l y  through the  d i r ec t iona l  discont inui ty  

a s s o c i a t d  with the  UD at  0106 UT on dqy  340, However, 

shows t h a t  the  f i e l d  d i rec t ion  w a s  f luc tua t ing  appreciably at 

high frequencies throughout the  period new t h i s  uD. 

other UD'S at  which the  change i n  magnetic f i e l d  d i rec t ion  occurs ' 

b 

Figure3 a 

There &Ice 

withirn 2,6 sec, so t h a t  na ro ta t lon  of ayly kCl  can %e measured f o r  

these UD'S (e,g. t he  uD at 1542 U" on day 314). 

D. Change i n  Flow Direction at a uD 

As discussed i n  Section I1 the  plasma probe on Explorer 34 

can detect  changes i n  t h e  solar wind d i rec t ion  under ce r t a in  

conditions. In  par t icular ,  one can determine whether t h e  maximum 

flow is  i n t o  sector  9 or sector  10, as i l l u s t r a t e d  i n  Figure 2. 

Figure.6 shows the  measured f l o w  direct ion i n  an hour 

in t e rva l  centered akout t he  uD at 0105 UT on day 340. 

the discont inui ty  arrived, the f l o w  was  i n t o  sector  10 (see 

Figure 1). Immediately a f t e r  t h e  uD, t h e  f l o w  w a s  i n t o  sector  

9, and it varied between sectors  9 and 10 f o r  30 minutes mer 

the  uD. 

Before 

Thus, it is established t h a t  a change i n  f l o w  d i rec t ion  

can occur at  a uD. Since the uD was  accompanied by a d i rec t iona l  

-14- 



d-iscontinuity, w e  a180 have t h e  r e s u l t  t h a t  the  solar wind direct ion 

a3,y change at a discont inui ty  i n  t h e  magnetic f ie ld  direction. 

Figure 6 a lso  shaws d i rec t ion  data for mother  uD, at 090 UT on b y  

31'0, which gives the  sane resu l t s .  

expected. i n  general  if a uD is  produced by gl iding f lux  tubes 

(see Burlaga 1968a, Figure 6). 

A change i n  f l a w  direct ion is  

E. Stability of a uD. 

We have observed t h a t  large UD'S do e x i s t  i n  the  interplane- 

t a r y  medium and the t  t he  magnetic f ie ld  near them is not w;lplsuaJly 

disturbed (see the  i l l u s t r a t i v e  examples i n  Flgure 3 and t ke  

uncertaint ies  i n  B, 8, and jd i n  Table E), suggesting t h a t  t he  UD'S 

me stable.  

sirnultamously with d i rec t iona l  discont inui t ies  i n  the interplane- 

tary raqnet ic  f i e l d  and. t h a t  these discont inui t ies  were usual ly  

Ierge, with the direct ion changes tending t o  be near 9'. 

us now exwine these observations i n  t e r n  of t he  Helmholtz 

i n s t ab i l i t y .  

It was a l so  shown thak a l l  of t he  uf3's 'were observed 

Let 

Sen (1963) has cietemiined two necessary conditions fo r  

stability in  aa incompressible hydrormagrietic f luid,  viz. 
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/ 
where p is  the mass-density, Y is the relative speed between 

two streamers, and 

perpendicular t o  the  r e l a t ive  veloci ty  V. 

pimp2 

reduce t o  

is the component of B 
r w  

When B1= B2 a d  - 
, as we have observed fo r  t h e  11 large uD's, (6) and (7) 

md - 

vhere VA is the  Alfien speed, 

Equations (8) and (9) a re  equivalent t o  those given by Landau 

and Li fsh i tz  (1960) fo r  s t a b i l i t y  i n  an iacompressible fluid-. 

L e t  us assume f o r  the  rnorxnt t h a t  the i n t e rp lme tw 

inediuix can be describe6 as an iacompressible f luid,  and. ask whether 

the observrtions of large UD'S are coasistent with (8) and (9). 

Equation (9) shows tha% a, uD is absolutely unstcble if the 

magnetic f i e l d  direct ion does not change across the discontinuity 

(unless the  f i e l d  heppens t o  be paxa l le l  t o  V). 

a. di rec t iona l  discontinuity must accompany a uD i f  B is not parallel 

to  E. 
of (9) is  maximum when the direction of 12 changes by w90° at a uD. To 

I n  other words, 

- 
Tke observations are consistent with this result. The LHS 



determine the RHS of (9) it is necessary t o  know IT, but t h i s  has not 

been measured. When w is near 0 or 1800 and 

t o  ll, the RHS of (9) is approximately @/(2VZ),  and s t a b i l i t y  is 

possible only for  V<<vA. 

pa ra l l e l  t o  5 the  RHS of (9) is on the order of 

s t a b i l i t y  is possible only i f  ?C8VA2. 

is V2/(2vA2) for  a l l  g. 

9$ a re  more l i ke ly  t o  be s t ab le  than those with small (11. 

observations tha t  w tends t o  be near 9 0 ,  and tha t  there a re  no small 

a ' s  a t  uD's, even though Burlaga (1968b) has shown tha t  i n  general 

direct ional  discont inui t ies  with small w's a re  most probable, may be 

explained by (9). For example, suppose tha t  near the sun there are 

UD'S with VC<VA; then (9) may be s a t i s f i e d  for  uD's with both large 

and small direct ional  discont inui t ies .  Now par -2 and where r 

is the distance from the sun, so VA a! rD1. 

w and V, the  UD w i l l  ul t imately be convected t o  an r where ($) is not 

s a t i s f i ed ,  as Parker (1963) has noted, and the  UD's with s m a l l  w wflk 

is nearly perpendicular 

When w is near 00 or  180' and B is nearly 
LI 

.-, 

When @=SOo, the RHS of (9) 

d %us, i n  general, d iscont inui t ies  with w near 

The 

Thus, for  a given constant 

became unstable before those with urySOo, as shown by (9). 

The s t a b i l i t y  condition (8), i.e. V -5f2V~, must be s a t i s f i e d  

regardless of the value of w. 

d i rec t ly  since we measure only Au, the r ad ia l  component of E (see 

Burlaga, 1968a, equation ( 6 )  ). Table 2, rows 10, 11, 13, and 14 

shows tha t  a l l  of the 11 large UD'S s a t i s f y  (8) if V U . l  Bu, 9 s a t i s f y  

We cannot t e s t  t h i s  condition 

(8) i f  Vc1.4 Au, and 4 s a t i s f y  (8) i f  VC2Au. Thus, 

the large uD's i n  Table 1 is consistent with (8) is 

nu 5 V, and since we have 

the existence of 

WAu. Since 

-17- 



selected only the largest nu's, it is  indeed probable that VSAU 

2or the UD'S in Table 1 .  

The prccecing &iscussion shovs the,% the  chz.ra,cteristics of 

lesgc u D ' s  c m  be understmd i n  terns or  t h e  theory of  t he  

&lj$holtz i n s t z b i l i t y  i n  PX incmpressible  zeedium. S t r i c t k j  

speaking, the  asswqt ion  of incoinpressihility i s  not valid, f o r  

it L q l i e s  -I;het t he  speed. of sou.ind V,, i s  ~u.ch greeter thm tile 

2 
VA2 < v, 

(11) 

(12) 

Tzble 2 s l iom til& the  f i rs t  of these coiidilions i s  ;lot sctisi'iei 

if V W A ~ ,  end t he  seconC conC.iti_on i s  not  s a t i s f i e i  i n  a:; cese. 



Therefore, s t a b i l i t y  is not ruled out. The same problem, 

B = B  

showed t h a t  t he  compressibility $as l i t t l e  e f f ec t  when V"VA, 

md t h a t  is has a s tab i l iz ing  e f f ec t  f o r  V>>VA. Thus t h e  

e f f ec t  of compressibility strengthens our interpretation. 

and B p a r a l l e l  t o  V, was treated by Sen (1964) who J 2  - h 

The more general case B1#B2 and B not p a r a l l e l  to V was also 

studied by Sen (1964) who concluded t h a t  t he  compressibility 

w i l l  probably have a destabi l iz ing e f f ec t  i f  v4<vw and a 

s tab i l iz ing  e f f ec t  &f V >> Since V$ V' and Vs<VA f o r  

our uD's, we expect the  e f fec t  of compressibility t o  be small. 

Since compressibility is  expected t o  have no large physical 

- 5  -b rrl 

. 

effect, equations ( 8 )  and (9)  may give reasonable results. 



IV. SUmzBY 

This pzper discusses large, discontinuous changes i n  t h e  

sol23 wind speed (changes not associated with intexylanetary 

shocks) which w e r e  observed i n  3000 

between Kay 30, 1967 md December 26, 1967. 

as follows: 

hours of da ta  obtained 

The results are . 

1) 

i n  less thsn 3 xinutes as it is convected pas t  t he  ear th  

The solar  wind. spee6 may change by more than 85 km/sec. 

orbi t ing sx 'k l l i t e .  This corresponds t o  a gradient at l e a s t  

of t h e  order of (67 hn/~ec)/&O5~m). 

speeci discont inui t ies  w i t h  AU 260 km/sec within 3 min. were 

Eleven solar _wind 

o3served. i n  3000 hours of de.ta. Since several  doubtful 

cases were ruled out f o r  i n s t m e n t a l  reasons, eleven 

is  a lower lMt on the number OB l m g e  UD'S which ac tua l ly  

existed. Seven of these showed 8.11 increase i n  u and 4 

shotred i: i".ecreese i i l  U. 

2) Nost of the UD'S occurred. when u, T and B were high 

and n low. 

11.~1s within the  errors. 

B was observe6 f o r  5 UD'S (2 increesed md 3 decreased). 

2,) 

i n  -the imgnetic f ie16 B. 

date show t h z t  e . )  i n  s3re cases the  f i e l d  changes rotat ing 

i n  2 plane whose n o m a 1  i s  i n  the direct ion B1 x B2. b. )  i n  

other cases the f i e l d  chznges direct ion across the  discontinuity 

The pressure was constant across each of the  

A s m a l l  increase ( ~ k  t o  2 I) i n  

Each u3 ITES essociated with a d i rec t ionz l  discontinuity 

The high resolut ion magnetic f i e l d  - 

by moxring v e r y  erix,t icalkj ,  and c. ) sometimes the  direct ion 

- 20- 



change i s  c o q l e t e  i n  2.6 s 2nd t h i s  csnnat be studied i n  

c3etai.l. The chmges iii the  magnetic field direct ion a t  

UD'S ranged froin :-Go t o  161' and tended t o  be near 90"; the  

rverage LJ vas 93O.  The changes m e  thus xuch la rger  than 

those no rml ly  observed at d i rec t iona l  d i scmt inu i t i e s  . 
Tine vectors E1 x 332 f o r  tine direct ional  discont inui t ies  2.t 

the large UD'S were dis t r ibuted as usual f o r  direct ional  
h -  

Ciscontiinuities, iiaiely, pecen8iculax t o  t h e  s p i r a l  direct ion 

an2 out of t h e  e c l i p t i c  plene. 

) Tne flow 8irect ion was observed. t o  chznge at 3 large 

'JD's. Thus, the  flow r"irection :say change a% a d i rec t iona l  

c' i s  cont i n u i t  jr . 
7 )  The existence OS t h e  h r g e  UB'S i s  consistent with t h e  

theory of the  HeMioltz i n s t sb i l i t y .  It is  suggested the% 

lerge U D ' S  with s:aaLl@ vere  I'ozneil, but disintegrahed by 

nems of the 3elrdioJ-tz ins tcb i l i ty ,  leaving only uD' s with 

cr? nezx 93 . 3 

-21- 
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Figure 1. A schematic i l l u s t r a t i o n  which d-escribes 8 

tavlgential discontinuity i n  terms of two hnothetica,l ,  

rectmgu-lar, magnetic f lux  tubes. The f igure shms  the  

special  case when the flux tubes Ere mutually perpendi- 

culex en& inclined art an eagle 0 with respect t o  the  

e c l i p t i c  plane. 

rotat ion fan. 

The tubes are shown separetec? by 8 

Figure 2. The upper d.iagrem shows tne a.rr8ngenent of the  

detector r e l a t ive  t o  the  sun sensor i n  the  s e t e l l i t e .  

The sensi t ive cone of t he  detector i s  2' w i d e .  The 

rotat ion d-irection shown here i s  t h z t  vhich i s  seen by 

an observer north of t he  e c l i p t i c  plane. The on-boaxd 

computer s tores  t h e  counts which ere  recorded. 2,s t he  

sensi t ive cone :noves through each of these 22.5O sectors;  

t he  counts axe recorded i n  the  sequence given by the  

numbering of the  sectors.  The nwber  of t he  sector 

with the  m w i m u m  number of counts is  transmitted, mli 

indicates t he  f l o w  direction. 

This shows the  temperature, :Rean speed, tlensity, 

magnetic fie16 intensity,  and magnetic f i e ld  6irection 

f o r  each of 4 uD's. 

high frequency fluctuations i n  the  mgnet ic  f i e l d  were 

present (only the envelope of these f luctu-akions is  s h m )  . 
Six uD's i n  Table 2 (E, F, G, H, I and K )  a re  of t h i s  

Figure 3. 

The top l e f t  sh ws a esse i n  which 

type. The top r igh t  shows a uD with 2 d i rec t iona l  

- 24- 



Figure k .  

Figure 5. 

Figure 6. 

d i  s continuities o ccuring vit'nin the plasma. resolution 

t i m e ;  tvo u.D's (J and D) are of t h i s  tme. 

fluctuations w e r e  observed at  '! UD'S (B, C, D, and J), 

No 

as i l l u s t r a t e d  by the  UD on the  bottom r igh t  of t h i s  

f igure.  Both UD'S i n  the  lower half  of t h i s  f igure 

conta,in rotat ion fans et the  d.irectiona1 discontinuities.  

Figure !+a shows t h e  s o l a s  e c l i p t i c  l a t i t ude  of t he  

vectors BI x B2 f o r  each of the  la rger  UD'S i n  Tcble I. 

The Figure 4.b shows the  corresponding longitudes, Note 
rr - 

t h a t  the  vectors tend t o  be directed away from the  

e c l i p t i c  plszne and normal t o  the  s p i r a l  f i e l d  direction, 

as is charac te r i s t ic  of d i rec t iona l  discontinuities.  

Figure -,c shows the  values of c3 f o r  t h e  direct ional  

disLontinuities a t  the  large LID'S. Note the  absence of 

s m a l l  C G S  and t he  tendency t o  c lus te r  near 90'. 

The top two curves are  rotat ion fans  associzted with 

large uD's. The points were measured a t  2.5 see 

intervals,  and t h e  open c i rc les  are 20 second averzges. 

The magnetic f i e ld  vector changed direction by a rotat ion 

i n  a plane. The bottom curves shows a case f o r  which t h e  

niagnetic f i e l d  chmged direct ion across a direct ional  

discontinuity by moving very e r ra t ica l ly .  

This shows t h e t  the  solar wind may chmge direct ion at  

a uD. 

(see Figure 2).  

and. the  dashed l i n e  indicates t he  time of t h e  uD. 

The points indicixte flow i n to  sector 9 o r  10 

The points Ere srt 3 minu.te intervals,  

- 25- 



Ta,ble 1. The plasma and magnetic f i e l d  ptlrmeters f o r  11 

large uD's. 

Table 2. Celculated quant i t ies  f o r  11 large LID'S. The 

quant i t ies  p ,w,  Id,, CJn, VA9 vs and f were ce,lcul&ed 

from equa.tions (2), ( I + ) ,  (5), (5), (lo), (13) m d  (I), 

respectively. 
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